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Abstract 
As the knowledge-based economy time comes, the 
core of business process is transforming financial 
intensive into technology intensive and knowledge 
intensive gradually. However, the value of knowledge 
itself can’t be measured easily. We must evaluate and 
investigate the performance of knowledge management 
through activities of knowledge management process. 
During the performance evaluation process, many 
uncertain factors must be considered. It is also involved 
ambiguity occurred by human subjective judgment. 
Therefore, a performance evaluation model of knowledge 
management is proposed in this paper by combining 
Fuzzy Delphi with Fuzzy AHP. Finally, a numerical 
example is given to demonstrate the procedure for the 
proposed method at the end of this paper.  
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1. Introduction 
When the knowledge becomes the key resource of 
the enterprise, how to apply knowledge appropriately to 
produce new knowledge and value is an important issue 
for business management.  
Drucker[8] indicated that knowledge will become 
the most important sources for promoting business 
advantage. However, lacks of the effective measurement 
tool, knowledge cannot be exploited sufficiently. In recent 
years, many businesses have realized that knowledge 
management is the most important issue to increase their 
competitiveness. Therefore, the performance evaluation 
and measurement become a key point of promoting 
knowledge management plan successfully. However, the 
evaluation process of knowledge management must 
consider many uncertain factors such as attitude of 
employee, professional ability, and the subjective 
judgment of managers. Thus, it is difficult to evaluate the 
performance of knowledge management easily.  
Therefore, an evaluation model of knowledge 
management is proposed in this paper by combining 
fuzzy set theory with analytic hierarchy process (AHP). 
2. Literature review 
2.1 Knowledge Management 
Liebowitz and Beckman[15] identified that 
knowledge management contains the following 
definitions. 
(1) The knowledge management is a systematic process 
that creates knowledge clearly. Raise the relevant 
knowledge in business with applying avail knowledge. 
(2) The knowledge management uses the experience, 
knowledge and expert knowledge to create new ability. It 
makes the business possesses the excellent performance, 
encourages innovation and increases the value of 
customers. 
Papows[17] proposed seven reasons of 
implementing the knowledge management. 
(1) Globalization. If Organizations all around world own 
an important competitive advantage, namely it can share 
experiences and resources effectively. 
(2) Speed. As of the business shortens the lead time and 
obtain the valid business operations, we must get the 
information and the knowledge valuable quickly. 
(3) Service orientation. If attaining quick response, all 
essential information and related operations must make 
the employee work on-line in any time and change the 
action procedure. 
(4) Saturation of workers. Employees have higher 
turnover at knowledge age. We usually need a set of 
system to keep the knowledge of the worker and reuse 
them. 
(5) More close relation of business. The WWW is also a 
resource that learns the new information. Each 
organization must integrate it in usual learning processes. 
(6) Technique. Advanced information system, group 
software and WWW assembly together provide technique 
foundation of knowledge management for the company. 
(7) Competition. The organization regards its intelligent 
capital as the force and promotes the competitive 
advantage of the organization systematically. 
Sarvary[18] identified the knowledge management is 
the integration of the business flow via creation of 
business and using a process of collective knowledge. 
This process includes three flows as follows. 
(1) Organization learning. The company acquires the 
process of the information or knowledge. 
(2) Generalize knowledge. It is a process that information 
is converted and integrated knowledge. The knowledge 
can resolve the problem of the commerce. 
(3) Propagation knowledge. Making organization 
members can acquire and use the process of company 
community knowledge. 
Synthesize above the viewpoints of the knowledge 
management, knowledge management is a process for 
business to increase the competitiveness by creation, 
transformation, diffusion and deposition of knowledge.  
2.2Knowledge management activities 
The knowledge management flow indicates the 
different attitudes of knowledge management in business 
management process. The definition of knowledge 
management flows includes knowledge creation, 
knowledge transformation, knowledge diffusion and 
knowledge storage. Some illustrations of knowledge 
management activities are shown in Table 1. 
2.3Performance evaluation 
The performance evaluation in nature is the control 
function in the business management activities. Being 
able to generate influences or take action in before the 
event or activities steering by the establishment of the 
performance evaluation system. The appraisal must 
depend on the reasonable and valid performance 
indicators and reach to the object of performance 
evaluation. Concretely, the performance evaluation has 
four objects[19]? 
(1) The object of the fulfillment to weigh the extent of 
success. 
(2) Providing the suggestion or correct amendments to 
the organization redevelopment. 
(3) Providing the feedback mechanism to manager. 
(4) Evaluating the internal input and output. 
Because knowledge management flow of business 
and its performance evaluation have the subjective 
recognition, and is seen as problems of multi criteria, we 
can use many appraisable theories of multi criteria to 
reach reasonable performance evaluation. Therefore, this 
paper uses the linguistic variables to represent the 
subjective judgment of decision makers, and combine 
Fuzzy Delphi method with Fuzzy Analytic Hierarchy 
Process method (Fuzzy AHP) to propose a performance 
evaluation model of knowledge management. 
3. Fuzzy Theory 
3.1 Triangular fuzzy number and linguistic 
variable 
The original concept of fuzzy sets in the pioneering 
paper of Zadeh was introduced as an extension of usual 
sets, by enlarging the truth value set of grade of 
membership from the two value set {0, 1} to the unit 
interval [0, 1] of real numbers[20]. 
3.1.1Triangular fuzzy number  
Triangular fuzzy number can be defined by a triplet 
( )umlT ,,~ =  and cba ≤≤  (shown as Fig 1). The fuzzy 
number is the so-called triangular fuzzy number with its 
characteristic member function written as[1, 12]? 
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3.1.2 Linguistic variable  
A linguistic variable is a variable whose values are 
linguistic terms [21]. The concept of linguistic variable is 
very useful in dealing with the situations are too complex 
to be reasonably described in quantitative expressions 
[21]. For example, the membership functions of the term 
set {Very Unimportant (VU), Unimportant (U), Medium 
(M), Important (I), Very Important (VI)} for representing 
weights of the importance of knowledge management. 
The linguistic values can also be represented via 
triangular fuzzy numbers. 
3.1.3Distance measurement 
Let ( )1111 ,,~ cbaM =  and ( )2222 ,,~ cbaM =  be 
two triangular fuzzy numbers, then the vertex method is 
defined to calculate the distance between them as[5]: 
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3.2Fuzzy Delphi Method 
This paper adopts Fuzzy Delphi Method to select the 
evaluation indicators. The Fuzzy Delphi Method is one of 
the specialist forecasts, its main object lies in obtaining 
the consensus of specialists, looking for to the opinion of 
the uniformity of the particular object [7].  
The traditional Delphi method is one effective 
method, which enables forecasting by converge a 
possibility value through the feedback mechanism of the 
result of questionnaires, based on experts' judgments. 
However, the weakness of the traditional Delphi is that it 
requires repetitive surveys of the experts to allow the 
forecast values to converge. Therefore, Fuzzy Delphi 
Method uses Linguistic variable to express opinions of 
each expert, acquiring better integrative results [11, 13]. 
The Fuzzy Delphi Method is applied in this paper to 
find out the evaluation indicators. The steps are described 
as follows? 
Step1. The expression of the specialist opinion 
Each expert makes use of the Linguistic variable 
representing the importance weights of the decision 
criteria (shown as the Table 2). 
Step2. Integrate fuzzy evaluative values of experts 
Using Fuzzy Delphi Method to integrate fuzzy 
evaluative values of all experts in this step. If the lth 
expert judges he importance of the kth indicator is sh wn 
denoted by 
t o
),,(~ lklklklk cbaW = , the fuzzy weight kW~ of 
the kth indicator, then kW
~  can be calculated as: 
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Step3. Selecting evaluative indicators 
Using Centroid Method to transform fuzzy weight of 
each indicator kW
~  into single value. [14]. It can be 
calculated as: 
kS
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Set a threshold value as t  and select a suitable 
evaluative indicator. The rule of selection is described as 
follows: 
 
(a)If ?kS t?then accept the kth initial indicator as 
evaluative indicator. 
(b) If  < kS t?then delete kth initial indicator. 
3.3 Fuzzy Analytic Hierarchy Process Method 
(Fuzzy AHP) 
Buckley[2, 3] proposed that AHP method on the 
criteria's appraisal can't present appraisal subjective 
judgment and criterions in real situations. Therefore, 
Fuzzy AHP is proposed by combing fuzzy set theory with 
AHP to reflect true environment decision analysis suffers 
of subject. Making use of the Fuzzy AHP undertaking 
appraisal step justification as follows:  
 
Step1. Based on features decomposed by each attribute to 
create the hierarchy levels. 
 
Step2. Calculate fuzzy positive reciprocal matrix. 
Converting the linguistic evaluation into triangular fuzzy 
numbers to construct the fuzzy decision matrix and 
determine the fuzzy weight of each criterion. 
 
Step3. Calculate fuzzy weight. According to 
Lambda-Max method, we can calculate the fuzzy weight 
value [6]. 
4. Performance Evaluation Model 
The knowledge management activities are divided 
into knowledge creation, knowledge diffusion, knowledge 
transformation, and knowledge storage in this paper. The 
performance evaluation framework of knowledge 
management is shown as Fig. 2. 
The processes of knowledge management 
performance evaluation model is described as follows: 
 
Step1. Calculate the fuzzy weight value of the evaluative 
dimension. 
(1) Each expert use linguistic variable of the Table 3 to 
calculate the KM performance of each dimension. 
And give a linguistic variable to represent the relative  
importance in  two dimensions [2].  Giving  
comparative and important evaluation of extent in  
pair-wise comparisons. 
(2) Using Fuzzy AHP to calculate the fuzzy weight as  
p
iW
~ of each expert. 
(3) Using Average Method to integrate fuzzy weight value  
of each expert with regard to each dimension into  
iW
~
. 
 ( )piiii WWWPW ~~~1~ 21 ⊕⊕⊕= L          (5) 
Step2. Calculating evaluative value of each dimension 
(1) Each expert use linguistic variable of the Table 3 to 
calculate evaluative values and weight values of 
evaluative indicators within each evaluative 
dimension. 
(2) Using Weighted Average Method to integrate all of 
fuzzy evaluative value of all experts within each 
evaluative dimension. It can be computed as: 
 
( ) ( ) ( ){ }ijpijpijijijijij WXWXWXpX ~~~~~~1~ 2211 ⊗⊕⊕⊗⊕⊗= L     (6) 
 
Where ijX
~  is the jth indicator’s fuzzy evaluative value 
within ith dimension after the integration of all experts. 
ijpX
~  is the jth evaluative indicator’s fuzzy evaluative 
value of the pth decision-maker within the ith dimension. 
ijpW
~  is the jth indicator’s fuzzy weight value of the pth 
expert within the ith dimension. 
(3)Calculating fuzzy evaluative value in each dimension 
 as: 
Step2. Calculating fuzzy weight value of each 
decision-maker within dimension via Fuzzy AHP as : 
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where iX
~  is the fuzzy evaluative value of the ith 
dimension.  is the evaluative indicator’s numbers of 
the ith dimension. 
in
(4)According to the fuzzy weight value and fuzzy 
evaluative value of each dimension, calculating 
comprehensive fuzzy evaluative value as: 
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  where P~  is the comprehensive fuzzy evaluative value, 
and  is the numbers of dimensions. m Therefore, integrates the fuzzy weight value of each 
decision-maker within evaluative dimension as: (5)Calculating the distance value of comprehensive fuzzy 
evaluative value P~  and the linguistic variable of 
each evaluative value (shown in Table 4).  Distance 
measurement is computed as: 
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where ),,(~ 321 pppP = =Li
 is the comprehensive fuzzy 
evaluative value.  is the 
linguistic variable of evaluative value. 
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Step3. Decision-makers use linguistic variable (shown as 
Table 5 and 6) to give their assessment value. According 
to data of Table 4. The first dimension value can be 
computed as: 
(6)If the distance between comprehensive fuzzy 
evaluative value P~  and the linguistic variable  is 
the minimum value, it represents that  is the 
integral evaluative value of KM activities. 
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5. Example Description 
  
Step4. Calculating evaluative value of each dimension as: According to the business knowledge management 
performance evaluation framework (shown as Fig. 2) in 
this paper. Suppose there are three experts to evaluate the 
performance of KM. The step is described as follows: 
 
( )35.0,25.0,16.0~1 =x  
(~ )25.0,14.0,07.02 =x  
(~
Step1. The hypothesis makes the pair-wise comparison 
matrix by the three expert’s important extent to each 
evaluative dimension as follows: 
)36.0,28.0,18.03 =x  
  
Step5. Calculating fuzzy evaluative value of 
comprehensive effects according to the weight value of 
each dimension is )63.0,46.0,28.0(~ =P ? 
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Step6. Calculating the distance value of comprehensive 
fuzzy evaluative value and the linguistic variable of each 
evaluative value via distance measurement as: 
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Step7. If the distance value is the minimal, it’s 
represented the whole performance evaluative value as 
namely the corresponding linguistic variables is [Medium 
poor]. 
According to the foregoing results, the knowledge 
management performance of this business belongs to 
“Medium Poor”. 
6. Conclusion 
From the viewpoint of the business, knowledge 
management is based on the knowledge embedded in the 
process and allowed that business to operate profitably in 
providing attractive products and services to customers. 
The knowledge has become the most important practical 
factor. To demonstrate a business benefit, knowledge 
must be measured. 
In general, business must reach a balance between 
intangible and tangible assets. The proposed model 
provides business systematic processes to measure the 
business performances evaluation in knowledge 
management. Using the linguistic variable and fuzzy 
Delphi method, managers can evaluate and understand 
the overall performance in knowledge management easily 
and effectively. 
Acknowledgements 
The authors gratefully acknowledge the financial 
support from the National Science Council, Taiwan, 
under project numbers NSC 91-2213-E-212-015 and NSC 
91-2745-P-212-001. 
References 
[1] Bardossy, A., Duckstein, L., Fuzzy rule-based 
modeling with applications to geophysical biological, 
biological and Engineering systems, CRC Press, New 
York, 1995. 
[2] Buckley, J.J., Feuring, T. and Hayashi, Y., “Fuzzy 
hierarchical analysis revisited,” European Journal of 
Operational Research (129), 2001, 48-64. 
[3] Buckley, J.J., “Fuzzy Hierarchical Analysis,” Fuzzy 
Sets and Systems (17), 1985, 233-247. 
[4] Bonora, E.A. and Revang, O., “A strategic 
Framework for analyzing professional service firm – 
Developing strategic for sustained performance,” 
Strategic Management Society Interorganizational 
Conference, 1991. 
[5] Chen, C.T., “Extensions of TOPSIS For Group 
decision-making under fuzzy environment,” Fuzzy 
Sets and Systems (114), 2000, 1-9. 
[6] Csutora, R. and Buckley, J.J., “Fuzzy hierarchical 
analysis: the Lambda-Max method,” Fuzzy Sets and 
Systems (120), 2001, 181-195. 
[7] Dalkey, N.C., An Experimental Study Of Group 
Opinion, The Rand Corporation, 1969. 
[8] Drucker, P.F., Post-Capitalist Society, NY: Harper 
Business, 1993. 
[9] Grant, Robert M., “Toward a knowledge-based theory 
of the firm,” Strategic Management Journal, 1996. 
[10] Hsi-Mei Hsu, Chen-Tung Chen, “Aggregation of 
fuzzy opinions under group decesion making,” Fuzzy 
Sets and Systems 79, 1996, 279-285. 
[11] Ishikawa, A., Amagasa M. etc., “The Max-Min 
Delphi Method and Fuzzy Delphi Method via Fuzzy 
Integration,” Fuzzy Sets and System (l:5), 1993, 
241-253. 
[12] Kaufmann, A. and Gupta, M.M., Introduction to 
fuzzy arithmetic? Theory and application, Van 
Nostrand Reinhold, New York, 1991. 
[13] Kawa, A., Shiga, M., Tomizawa, G., Tatsuta, R., 
Mieno H., “The Max-Min Delphi Method via Fuzzy 
Integration,” Fuzzy Set and Systems (55), 1993. 
[14] Klir, G.J. and Yuan, B., Fuzzy Sets and Fuzzy Logic – 
Theory and Application, Prentice-Hall Inc., New 
Jersey, 1995. 
[15] Liebowitz, J. and Beckman, L., Knowledge 
Organizations: What Every Manager Should Know, 
New York: CRC Press, 1998, 47-66. 
[16] Nonaka, I. and Takeuchi, H., The Knowledge 
Creating Company: How Japanese Companies Create 
the Dynamics of Innovation, New York, Oxford 
University Press, 1995. 
[17] Papows, J., Enterprise.com: Market Leadership in the 
Information Age, William Morris Agency, 1998. 
[18] Sarvary M., “Knowledge Management and 
Competition in the Consulting Industry,” California 
Management Review, 1999, 95-107. 
[19] Tesoro, F. and Tootson, J., Implementing global 
erformance measurement systems – A cookbook 
approach, Jossey-Bass/Pfeiffer, San Francisco, 2000. 
[20] Zadeh, L.A., Fuzzy Sets, Information and Control 
(l:8), 1965, 338-353. 
[21] Zadeh, L.A., The concept of a Linguistic variable and 
its application to approximate reasoning I, II, III, 
Information Science (8), 199-251, 301-357; (9), 1975, 
43-80. 
 
 Table 1 Activities and contents of knowledge management 
Knowledge management activities Contents 
Knowledge creation [16] 
Organizational knowledge creation involves five main steps?(1) Sharing tacit 
knowledge (2) Creating concepts (3) Justifying concepts (4) Building a 
prototype (5) Cross-leveling knowledge. 
Knowledge transformation [16] 
Knowledge Spiral brings up knowledge creation having four paths included 
from tacit to tacit(Originating-sharing tacit knowledge between individuals)?
from tacit to explicit(Conversing-having group conversations to form 
concepts)?from explicit to explicit(Documenting-converting knowledge into 
explicit forms)?from explicit to tacit(Internalizing-making explicit knowledge 
tacit once more). It is mainly aimed at the interaction of tacit and explicit 
knowledge to show the path of the knowledge management removal at the same 
time, by the criterion knowledge oneself whether be easy to be explicit, and then 
aimed at the knowledge to be easy to be explicit or not, depend on the different 
path to design the more likely knowledge removal mechanism.  
Knowledge diffusion [9] 
Knowledge diffusion suffers the impact of common knowledge in employee 
easily, containing common language, common symbol, collective expertise, 
consciousness that share, know the individual knowledge realm.  
Knowledge storage[4] The business is considering how to store knowledge resource. It can adopt the knowledge to extract, the knowledge diffusion, structured etc. 
 
Table 2 Linguistic variables for the importance weight 
Linguistic variables Triangular fuzzy number
Very Important (0.7,0.9,0.9) 
Important (0.5,0.7,0.9) 
Medium (0.3,0.5,0.7) 
Unimportant (0.1,0.3,0.5) 
Very Unimportant (0.1,0.1,0.3) 
 
Table 3 Linguistic variables for the ratings 
Linguistic variables Triangular fuzzy number 
Equal importance (1,1,1) 
Equal importance (1,1,3) 
Both of them (1,2,3) 
Rather importance (1,3,5) 
Both of them (3,4,5) 
Very importance (3,5,7) 
Both of them (5,6,7) 
Extreme importance (5,7,9) 
Both of them (7,8,9) 
Absolute importance (7,9,9) 
 
 
 
 
 
Table 4 Fuzzy evaluative value of Decision-maker 
Dimension Knowledge Creation 
Knowledge 
Transformation
Knowledge 
Diffusion 
Knowledge 
Storage 
Evaluative indicator 
W
orkers w
ith innovative 
ability 
K
now
ledge D
ocum
entation
W
orker’s experience 
Investm
ent of professional 
em
ployee 
A
uthorization of em
ployees 
Professional know
ledge 
techniques 
Em
phasis on intellectual 
property rights 
Inform
ation resource 
m
anagem
ent 
The linguistic ratings of K
M
 
Evaluative value C MG C MP MG MP MG F 
Expert 1 
Weight value I I I MI VI VI VI VI 
MP 
Evaluative value C MG MP P MG C MG MP 
Expert 2 
Weight value MI I MI MI I I I I 
F 
Evaluative value C MG MP MP G C MG MP 
Expert 3 
Weight value I VI MI MI I VI I I 
MP 
 
Table 5 Linguistic variables of weight value 
Linguistic variables Triangular fuzzy number
Considerably unimportant 
(CUI) (0.1,0.2,0.3) 
Very unimportant (VUI) (0.1,0.3,0.5) 
Unimportant (UI) (0.3,0.4,0.5) 
Medium unimportant  (MUI) (0.3,0.5,0.7) 
Common(C) (0.5,0.6,0.7) 
Medium important (MI) (0.5,0.7,0.9) 
Important (I) (0.7,0.8,0.9) 
Very important (VI) (0.7,0.9,0.9) 
Considerably important (CI) (1, 1, 1) 
 
  
 
Table 6 Linguistic variables of evaluative value 
Linguistic variables Triangular fuzzy number
Considerably poor (CP) (0.1,0.2,0.3) 
Very poor (VP) (0.1,0.3,0.5) 
Poor (P) (0.3,0.4,0.5) 
Medium poor (MP) (0.3,0.5,0.7) 
Fair (F) (0.5,0.6,0.7) 
Medium good (MG) (0.5,0.7,0.9) 
Good (G) (0.7,0.8,0.9) 
Very good (VG) (0.7,0.9,0.9) 
Considerably good (CG) (1, 1, 1) 
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Fig. 1 Triangle fuzzy number )(~ xMµ . 
 
 Performance of Knowledge Management
Knowledge Transformation
Investm
ent of internal business
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Fig. 2 Evaluative framework 
